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Abstract 
The atmospheric limb sounding technique making use of radio signals transmitted by the Global Positioning 
System (GPS) satellites has emerged as a powerful and relatively inexpensive global observing system in all 
weather. As demonstrated by the proof-of-concept GPS Meteorology (GPS/MET) experiment and later by the 
CHAMP and SAC-C missions, the GPS radio occultation (RO) sounding data are shown to be of high accuracy 
and high vertical resolution. The GPS RO data provided by the joint U.S.-Taiwan COSMIC/FORMOSAT-3 
mission, a constellation of six microsatellites launched in April 2006, have been shown to be extremely valuable 
for global numerical weather prediction, climate monitoring, and space weather forecasting. In this paper, we 
discuss the basic measurement technique of GPS radio occultation. We present the applications of RO data in 
weather, climate and space weather, based on the results from the COSMIC mission. We also discuss the 
development of the follow-on mission, COSMIC-2, which is expected to have an even greater impact on research 
and operation.  
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1. Introduction 
The radio occultation (RO) technique, which makes use of 
radio signals transmitted by Global Position System (GPS) 
satellites, has emerged as a powerful and relatively 
inexpensive approach to sounding the global atmosphere 
with high precision, accuracy and vertical resolution in all 
weather, and the data are distributed uniformly over both 
land and ocean. This was first demonstrated by the 
proof-of-concept GPS/MET (GPS Meteorology) experiment 
in 1995-1997 (Ware et al. 1996), and further substantiated by 
the CHAMP (CHAllenging Minisatellite Payload, Wickert et 
al. 2001) and the SAC-C (Satellite de Aplicaciones 
Cientificas-C, Hajj et al. 2004) missions. In April 2006, the 
Formosa Satellite Mission #3/Constellation Observing 
System for Meteorology, Ionosphere and Climate 
(FORMOSAT-3/COSMIC, hereafter referred to as 
COSMIC) was successfully launched into initial orbits of 
512 km from the Vandenberg Air Force Base. Within a year, 
the six COSMIC satellites are deployed to its final orbit of 
800km. Anthes et al. (2008) summarized the early results of 
COSMIC mission. As of July 2013, COSMIC has produced 
3.8 M GPS RO soundings, which have significant impact on 
operational weather prediction, climate monitoring, and 
space weather forecasting. Even though COSMIC has a 
mission life of five year, five out of the six microsatellites are 
still operating, producing 1,500 – 2,000 GPS RO soundings 
per day to support research and operation.  
 
 
Fig. 1. The number of COSMIC GPS RO soundings 
since launch. Red color indicates number of real-time 
soundings per day, and green color indicates number 
of soundings after post-processing.  
 
2. Radio Occultation Technique 
 The GPS RO measurements are based on the phase delay 
of GPS radio waves transmitted from a GPS satellite 
occulted behind the Earth as viewed from a 
low-Earth-orbiting satellite. The magnitude of the delay is 
related to the electron density in the ionosphere and the 
density of the neutral atmosphere. By tracking the signals 
transmitted from GPS we can obtain vertical profiles of 
bending angles, which can be used to retrieve information on 
electron density, atmosphere refractivity, temperature and 
water vapor (Kursinski et al. 1997). 
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Fig. 2. Schematic diagram illustrating the GPS 
RO measurement technique.  
 
3. COSMIC-2 Mission 
Building upon the success of COSMIC, U.S. agencies and 
Taiwan are developing a follow-on RO mission (called 
FORMOSAT-7/COSMIC-2) that will launch six satellites 
into low-inclination (Equatorial) orbits in early 2016, and 
another six satellites into high-inclination (polar) orbits in 
early 2018. U.S. agencies, led by the National Oceanic and 
Atmospheric Administration (NOAA) and the U.S. Air 
Force and including NASA and NSF, are partnering with 
Taiwan's National Space Organization (NSPO) to execute 
the COSMIC-2 program. In comparison with the original 
COSMIC mission, COSMIC-2 will have several important 
advances. First, it will use the latest generation receiver, 
known as TriG, developed by the Jet Propulsion Laboratory 
(JPL), which can track radio signals from three global 
satellite navigation systems, including GPS (U.S.), 
GALILEO (Europe), and GLONASS (Russia). Second, an 
advanced antenna design will considerably boost the 
performance of radio signal tracking, resulting in 
considerably improved quality of radio occultation sounding. 
Third, through both tropical and polar constellation, 
COSMIC-2 will collectively produce more than 10,000 radio 
occultation soundings per day. 
 
Fig. 3. Global coverage of COSMIC-2 soundings 
in one day shown in green.  
 
4. Summary 
With the continued operation of COSMIC through at least 
2016 and the execution of the COSMIC-2 mission beginning 
with a first launch in early 2016 and a second launch in 2018, 
radio occultation data will continue to be freely available to 
support research and operations for many more years to 
come. With nearly an order of magnitude more RO data of 
higher quality expected to be available from COSMIC-2, 
unprecedented research opportunities will open up for 
weather, climate and space weather research, and the impact 
on operational NWP forecasting will be increased over the 
present, already significant, impact of COSMIC data (Anthes 
2011).  
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